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OBJECTIVE

Develop and test a prototype of the Sea Hunt system. Determine the performance of
the system in daylight, overwater searches for objects colored red, yellow, or orange. De-
termine the support requirements for the prototype system.

RESULTS

1. The probability of detection for the prototype system and helicopter crews for
appropriate targets was determined to be about 85 percent for Sea Hunt and about 50 per-
cent for the helicopter crews. Reliability of the system was found acceptable, with two
system failures preventing use of the system on a search out of a total 13 test days.

2. Support tests indicated the prototype system was quickly repaired: 2.7 hours of
maintenance per flight hour.

RECOMMENDATIONS

1. Develop a simulation device so as to control adequately the stimulus environment
during animal behavior maintenance.

2. Conduct operational tests of the prototype system at a U.S. Coast Guard air
station.

3. Reconfigure the hardware to attach to the Coast Guard's new search and rescue
helicopter.



INTRODUCTION

BACKGROUND

Project Sea Hunt is a Coast Guard effort examining the use of trained pigeons to
improve the effectivensss and efficiency of daylight searches.

Search and rescue helicopter crews often must search vast expanses of the ocean.
looking for lost objects or personnel. Limited fields of view and optical problems such as
sun glare make objects on the ocean surface difficult to see. Search effectiveness is reduced
further by competing duties (i.e., flying and navigating the aircraft) and the loss of concen-
tration with time. Additional sensor systems could offer significant assistance.

Experiments show that pigeons have a visual system capable of high search rates,
and remain vigilant to complex visual tasks for many hours (references 1 -15). Pigeons are
highly adaptive, easy to train and to maintain, and have a life expectancy of more than 10
years.

Research in 1977 and 1978 demonstrated that pigeons can perform the ocean
searches better than the crew flying the helicopter, with the probability of detection im-
proving from about 40 percent for the helicopter crew to about 90 percent for Sea Hunt
(reference 16).

In the Sea Hunt system, three trained pigeons are carried in a container attached to
the underside of a helicopter. The pigeons are placed approximately 120 degrees apart: at
the 10-, 2- and 6-o'clock positions. When a pigeon sees a red, yellow or orange object, it
pecks on a key closing a switch. The pecking activates an indicator light at a control panel
in the helicopter. With this information, the crew concentrates its search until the target
is located.

The performance of the pigeons was found to be reliable throughout the duration
of the test flights, some of which lasted longer than 3 hours.

The Sea Hunt system also integrated effectively with search helicopters and
procedures. The helicopter crews determined the system to be a valuable aid (references
17-20).

On a Coast Guard search in February 1979 for five men lost in a small boat in
Hawaiian waters, the Sea Hunt system demonstrated operational utility on three sorties
(reference 16).

SCOPE OF EFFORT

During FY-79 and FY-80, Sea Hunt was developed further. Another set of birds
was trained and improved hardware was built. This report discusses those efforts.

METHODS AND MATERIALS

Prototype development of Sea Hunt was divided into three units of effort:
equipment development, pigeon training and systems tests.

Note: All references are listed on pages 19 through 21.
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EQUIPMENT DEVELOPMENT

Sea Hunt equipment consisted of two systems. The ground-based training equip-
ment was used for basic pigeon training. Advanced pigeon training and operational searches
used helicopter-borne equipment consisting of an observation container and a control/
display panel for the operator. The requirements which guided prototype development of
the helicopter-borne equipment are presented in the following sections. These requirements
were formulated by the project manager based on previous Sea Hunt efforts and discussions
with Coast Guard personnel.

Basic Training Equipment

Basic training equipment included a training chamber, a target mechanism and
electronic controls. The training chamber and electronic controls were in a trailer adjacent
to Kaneohe Bay. The target mechanism was anchored in Kaneohe Bay and was visible from
the trailer. This training equipment had been used in 1977-1978 to train the first set of
Sea Hunt pigeons (reference 16). The equipment was unchanged from those tests. A brief
description follows:

TRAINING CHAMBER. The chamber contained a peck key. a feeder mechanism
and a plexiglass window. The chamber shape was similar to any one of the three chambers
in the helicopter observation container. The feeder mechanism and the peck key were the
same as those in the helicopter observation container.

CONTROL CIRCUITS. The trainer controlled the feeder with a switch. Mechanical
counters and a four-channel strip chart recorder collected animal response data. Mechanical
clocks were used to preset the reinforcement duration. The trainer used a hand-held stop-
watch to control the interval between target presentations. A video camera enabled the
trainer to monitor the pigeon, the feeder and the peck key visually during a training session.

TARGET MECHANISM. The target consisted of a 14-inch-square (36-cm-square)
orange plate. The trainer controlled exposure of the plate via a 30.12-kHz UHF radio link.
The radio signal actuated an electronic motor and exposed the orange plate. The target
mechanism was housed in a box mounted to a raft that was anchored in Kaneohe Bay. A
window measuring 17 by 24 inches (43.2 by 61.0 cm) was located on one side of the hous-
ing. The window side of the target was oriented toward the bird training chamber.

Helicopter Equipment: Observation Container

This subsystem was the housing from which the pigeons searched.

REQUIREMENTS. The helicopter-borne container system was required to provide
means to convey three pigeons. to control their behavior and to interpret their actions into
a search direction. The container system was to attach to both Coast Guard H-52 and
Marine Corps HH-46 helicopters. The pigeons were to have unobstructed views, about 200
degrees horizontally and 90 degrees vertically. The container system was to weigh less than
66 pounds (30 kg). The system was required to be reliable and serviceable so that it could
be used up to five times per week.

APPROACH. The container system was patterned after the basic design described
in reference 16. The system would have an improved window, stronger structural bulkheads,
more durable decking and stronger attaching mechanisms.

2. , _. - . I ,



I

Helicopter Equipment: Control/Display Panel

The display panel subsystem transferred information about each pigeon's perfor-
mance to an operator aboard the helicopter during a flight. The panel provided switches for
the operator to reinforce each pigeon.

REQUIREMENTS. The subsystem was to use aircraft electrical power without
causing interference or interruption to any aircraft system and without requiring modifica-
tion of the aircraft. The subsystem was to have visual displays for the operator. Switches
controlling feeders, power and the displays were to be positioned and designed to reduce
errors and to enhance their utility by the operator. The number of cables to the container
was limited to two. The panel had to be small. with dimensions less than 16 inches (40.6 cml
in length. 8 inches (20.3 cm) in height, and 10 inches (25.4 cm) in width. The weight had to
be less than I I pounds (5 kg). A reliable and serviceable system was required. The failure
rate had to be less than one failure per 25 flight hours. Repairs had to take less than an
average of 2 hours per failure.

APPROACH. A solid-state electronic system was designed and packaged in a shoe-
box-sized metal container. Easy. quick interpretation and use of the panel by the operator
was emphasized. The ergonometric recommendations outlined in references 21 and 22 were
followed. Modular components were used to reduce service and diagnostic time in the event
of a failure.

PIGEON TRAINING PROCEDURES

Pigeons were trained in two stages: basic and advanced. The techniques used for
selecting and maintaining subjects during training, behavior performance requirements and
training methods are presented in the following paragraphs.

Subject Selection and Maintenance

Eight adult pigeons (Columba livia) were selected. Selection was based on health
and behavior during training. The birds were banded and assigned numbers. Three of these
birds (10, 250 and 25 1) were selected for advanced training. The pigeons were maintained
at approximately 80 percent of their free feeding weights. This weight has been found to
maintaia motivation for food without causing harm to the animal (references 6 and 23).
The birds' weights were adjusted up or down from the 80-percent weight depending on their
performance during training. The adjusted weights then became the desired training weights.
The pigeons received most of their food during training. If necessary. additional food was
supplied to maintain a bird's training weight. The method used to maintain their desired
training weights is presented in appendix A.

Basic Training

REQUIREMENTS. In order to complete basic training, each pigeon's behavior had
to meet or exceed performance requirements for target-absent and target-present conditions
during specified environmental criteria. Table I lists these requirements.

A false alarm was defined as the condition when a bird's peck rate exceeded 0.5
responses per second over any 8 seconds in the absense of a target.
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TARGET PRESENT BEHAVIORAL REQUIREMENTS

I. Respond to target within 10 seconds.

2. Detect greater than 90 percent of the targets.

3. Greater than 0.5 responses/second within 8 seconds ot the first response.

4. Respond at an average rate exceeding 0.5 responses per second for at least
100 responses.

TARGET ABSENT BEHAVIORAL REQUIREMENTS

. Average false alarm rate less than one per hour of training.

ENVIRONMENTAL CRITERIA

I. Target distance: greater than 650 metres.

2. Simulated helicopter noise levels: greater than 100 dB (ref 20 /N/m 2).

3. Work time for each session: greater than 2 hours.

4. Target average presentation interval: greater than 16 minutes.

5. Target maximum presentation interval: greater than 75 minutes.

Table 1. Basic training requirements.

APPROACH: TRAINING METHODS. Operant conditioning techniques developed

from procedures described in references 6. 23 and 24 were used.

The primary reinforcer, food (pigeon grain), was presented immediately following
desi'- i behavior.

The training had four phases. each of which is described in the following paragraphs:

During Phase I, each pigeon's training weight was established. For short periods.
daily during a 2-week span, each pigeon was placed in a harness and carrier (see appendix B)
and then in the training chamber. The pigeons received their daily food ration from the
feeding mechanism in the training chamber. Through the repeated exposure to these novel
events, the birds adapted quickly to the routine.

During Phase If. the pigeons were trained to peck on the response key. Shaping
procedures described in references 23 and 24 were used. selectively reinforcing successive
approximations with food. After a pigeon learned to peck the key. each response on the
key was reinforced with food until the pecking behavior exceeded a rate of 0.25 responses
per second. Low variable ratio (less than VR-10) and fixed ratio (less than FR-20) reinforce-
ment schedules (described in references 6 and 24) then were used to reduce the peck be-
havior's susceptibility to extinction during the next phase of training and to increase the
response rate. A discussion of these schedules is presented in appendix C.

During Phase Ill, the pigeons learned that pecking the key during the presence of an
orange plate immediately in front of the training chamber would be reinforced and pecking
in the absence of the orange plate would not be reinforced. If a pigeon responded when the
plate was absent the next presentation was delayed. Short nonresponding periods were
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reinforced, secondarily, by presenting the orange plate. Gradually, the time requirement
for nonresponse was increased and a target preSentalion ,chedule was begun.

During Phase IV. the requirements for reinforcement were increased gradually. I he
environmental conditions were brought up gradually to the requirements listed in table 1.
[he target distance, sound levels and target presentation intervals each were increased slowl\.
The VR reinforcement schedules were increased to VR-50). Differential reinforcement
(selectively presenting reinforcement for desired behavior) was used to maintain or establish
low first response latencies after the target was presented. If respome rate values during
target presentations became low or inconsistent, high response rates were reinforced differ-
entially at the end of tile VR schedules.

During Phase IV. each pigeon was trained for a minimum of three sessions per Aeek.
Each training session lasted at least 2 hours and contained from zero to six trials. depending
upon the target presentation schedule and the pigeon's behavior. Each trial included target-
absent and target-present events. Each trial was concluded with reinforcement arid or with-
drawal of the target. Figure 1 shows a flow chart of tile activities occurring during each trial.
The end of one trial initiated the onset of the target-absent period of the next trial. Appen-
dix C presents the structure and selection of reinforcement and target presentation schedules.

Advanced Training

Marine Corps 1t11-46A and Coast Guard 1--5 2 helicopters from Kaneohe Marine Corps
Air Station and the Coast Guard Air Station. Barbers Point, respectively, were used for ad-
vanced pigeon training. The training procedures are described in the following four sections.

GENERAL PROCEDURES. Each pigeon was weighed prior to the start of the session.
The observation chamber and control box were installed on the helicopters. The date. time.
environmental conditions, and the planned search altitude and speed were recorded. The
work areas that were used are indicated in figure 2. A spherical orange float 14 inches (30
cm) in diameter was used as a target because it was visually similar to orange life preservers.
The target was attached to a sea anchor to reduce drift. Tile target had a recovery line for
pickup by the helicopter hoist. The target was dropped from the helicopter within the work
area. The target's position was noted from electronic navigation aids and geographical sight-
ings. When in a Coast Guard helicopter, the birds were placed in the container before take-
off. When a Marine Corps helicopter was used. the birdis were placed in the container after
the target was dropped.

Sessions lasted from I to 2 hours, and each session was organized into trials. As in
basic training, each trial included target-absent and target-present periods. During advanced
training, the length of the target-present period depended upon the time required by human
observers to locate the target. During mch target presentation, the pilot attempted to navi-
gate the helicopter directly over the target. If the target was not seen by a human observer
on the first fly-over, the pilots would adjust their flight path on subsequent fly-overs and

stay in the target area until the target was located. The number of fly-overs was recorded.
Each fly-over was noted as an approach: each trial could contain several approaches to the
target. A strip-chart recorder recorded (a) responses of each bird. (b) when tile detection
criteria were exceeded, and (c ) the length and time of reinforcement. The following infor-
imation also was recorded on a data sheet: ( I ) the number of responses made by each bird
on and between each target presentation: (2) the approach number on each target presen-
tation that the birds and the crew detected the target: (3) misses of the target by the birds
and crew: (4) the position of the target when each bird was reinforced: and (5) the position
of the target when it was detected by a crew member.

5ii
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Unlike basic training, three birds were trained simultaneously and each bird was
trained at least three times a week using either a helicopter or the basic training system.

TRANSFER TRAINING. At the start of advanced training, pecks that were made
while the helicopter hovered at about ISO feet high (45 metres) in front of the orange basic
training target were reinforced. This process was repeated until the pigeons' behavior ap-
proached performance levels observed in basic training. The new, life-preserver-like target
then was introduced . The target was put into the ocean in the work area (figure 2). As the
helicopter hovered near the target, pecks were reinforced. As the pigeons developed a stable
and reliable response rate. the helicopter's altitude was increased to about 250 feet (76
metres). and instead of hovering, the helicopter began flying slowly past the target at less
than 30 knots airspeed, At this stage, target-absent and target-present training procedure.,
were implemented.

TARGET-ABSENT PROCEDURES, The target-absent durations were varied from
about 2 hours to about 1 minute. During the target-absent intervals, search altitudes and
speeds were maintained. Altitudes ranged from about 300 feet (91 metres) to about 1,000
feet (304 metres). and speeds ranged from about 50 knots to about 100 knots. The pilots
flew the helicopter over the ocean, avoiding the target area (figure 2). Flight procedures
were changed if false-alarm responding occurred in any of the three birds. The target-absent
interval was increased by avoiding the target area until false-alarm responding ceased. Dur-
ing some trials nuisance targets were encountered: red, yellow or orange objects other than
our target on the surface. The pigeons were not reinforced for responding to nuisance targets
because of the flight time required to verify and locate each nuisance target. If. fy chance.
a crewmember identified a nuisance target. the pigeons' responses were deleted from the
false-alarm analysis and were not included in the data as correct detections. Also. false-alarm
correction procedues were used during a verified nuisance alarm.

TARGET-PRESENT PROCEDURES. The number of target presentations during a
training session varied from zero to five. The interval between presentations was contingent
upon the pigeons' behavior during the target-absent and target-present intervals. Intervals
varied randomly and without pattern. Flight paths in the target area also varied due to
weather, navigational inconsistencies and the skill of the pilots.

Each pigeon was reinforced according to the following contingencies:

(a) The bird was pecking the key at a rate exceeding 0.5 responses per second.

(b) The target was detected by a crew member and was in view of the bird.

Each trial ended with reinforcement for correct behavior. The food was presented
until the target was out of the birds' view. Also, within each trial, a pigeon that exceeded
the detection criteria (i.e., high rate of responding during the 8 seconds following the first
response), or responded at a high rate while the target was in view, or when the target was
at a particular position in the field of view, could be reinforced selectively.

If two or more birds failed to respond when the target was in view and had been
detected by a crew member, the trial was repeated within 5 minutes. Also, the number of
presentations planned for that session was increased. If, on the next trial, two or more
birds again failed to respond. the flight speed and altitude of the helicopter were reduced.
The trial was not completed until responses occurred and all of the birds were reinforced.

8



TEST PROCEDURES

The system was tested from 1 August to 30 September 1980. Systems performance,
reliability, serviceability and maintainability were examined.

Search Tests

Systems performance and reliability data were collected during 13 helicopter searches.
The test search format was similar to that used during advanced training. The Station Opera-
tions and Maintenance Squadron of the Kaneohe Marine Corps Air Station and the Barbers
Point Coast Guard Air Station provided helicopters and crews to conduct the tests.

Two types of targets were used interchangeably during the tests. The first type was
a circular float 14 inches (36 cm) in diameter, colored either orange or red. This type of tar-
get was dropped from the helicopter. The second target type was a large buoy. Three buoys
of this target type were anchored along the east coast of Oahu to attract and aggregate sport
fish as part of a program of the Hawaii State Division of Fish and Game (reference 25). The
buoys were painted orange. were 71 inches ( 183 cm) in diameter, and had a freeboard of
about 22 inches (56 cm). The spherical red float and the fish aggregation buoys were not
used prior to testing, and thus these targets were novel to the pigeons.

Only one target was used during any single helicopter search. Figure 2 shows the
area where the red and orange spherical floats were placed and where the fish aggregation
buoys were anchored. Because the fish aggregation buoys could be anywhere within the
area shown in figure 2. the flight crews had only general information regarding the position
of the buoys on any test search. Thus, the helicopter could be flown to and within expected
target areas without the crew having particular knowledge of the target's precise position.
The helicopter search altitude was about 400 feet ( 122 metres) and the airspeed was about
70 knots during target-absent and target-present conditions. If the target was not located on
the first approach of a trial, a parallel track search method was used. On each trial, the heli-
copter remained in the target area until a crew member located the target. During each
target-present condition. the trainer monitored the helicopter's position within the search
area and could verify correct detections by the birds after detection by a crew member. In
order to compare the target detection performance (the probability of detection) of the
pigeons and the crew, information about pigeon target detections was not transferred to the
crew of the helicopter while in the target area.

Target-absent intervals were varied randomly, as in advanced training. Target presen-
tations per test session ranged from zero to five, with a mean of 1.67 targets (s = 1.23) pre-
sented during each of 12 test sessions.

Data were recorded on a strip chart event recorder and on a clipboard data sheet.
The strip-chart recorder recorded the following data automatically for each pigeon: (a)
pecks: (b) reinforcement: (c) target detection behavior, and (d) target detection by a crew
member. The trainer recorded the following data manually on the clipboard data sheet: (1)

date: (2) time of session start and stop; (3) weather; (4) sea state: (5) approach number on
each trial that the bird and man detected the target; (6) target position on each trial relative
to the nose of the helicopter when the target was detected by a crew member: (7) total
number of pecks each pigeon made during the target-present condition: and (8) system or
component failures during the session.

Birds 10, 250 and 251 were used during the tests. Birds 10 and 250 wei , used inter-
changeably in the left and right forward chambers of the observation container: bird 25 1
always occupied the aft chamber.

21' i~t 
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Support Tests

Serviceability and maintainability requirements were evaluated for the equipment
and pigeons. In these tests, serviceability was defined as the mean time required to repair
a failure per flight hour. Two measures of maintainability were used: the mean man-hours
of maintenaiice performed per flight hour of the system, and the frequency of animal be..
havior maintenance.

Procedures for maintenance of the hardware and animal behavior were established
and were performed between test flights. These procedures are described in the following
paragraphs. The time required to perform the procedures was recorded. Manipulation of
the procedures in order to obtain optimum values of maintenance was not performed.

The equipment was inspected and serviced after each flight. The time required, in

man-hours, to inspect and service the equipment was noted.

The observation container was checked for correct feeder and peck key operation.
loose nuts. corrosion, and damage. The electronic package was inspected for correct opera-
tion of the strip-chart event recorder, the visual displays and the switches. After the general
inspection, tile observation container was cleaned and prepared for the next flight.

The pigeons' behavior was maintained with the basic training equipment. The train-
ing hours were recorded.

If a failure occurred in the equipment that could not be repaired during routine
maintenance, the man-hours and type of service required for repair were noted. Data from
I August to 30 September 1980 were recorded.

RESU LTS

EQUIPMENT DEVELOPMENT

Figure 3 shows the helicopter observation container and the control/display equip-
ment that were developed. The following sections describe the equipment.

Helicopter Observation Container

The container weighed 36 pounds ( 16.3 kilograms). The cover plate and structural
bulkheads were constructed at the Barbers Point Coast Guard Air Station using aircraft
materials and components. Level 11 drawings are presented in appendix B.

The viewing window was 0.1 25-inch-thick (0.32-cm) clear acrylic. The viewing
window was attached to the cover plate with four quarter-turn aircraft screws and three
number 10 bolts.

Feeder mechanisms and pigeon support brackets were bolted to the internal bulk-
head. The peck keys were bolted to tile cover plate.

Helicopter Control/Display Panel

The wiring diagrams and assembly layouts for the control/display equipment are
shown in appendix B. The panel weighed 9 pounds (4. I kilograms) and the cable weighed
5 pounds (2.3 kilograms).

The control/display panel and feeders operated on 28 V dc and drew less than 7.0
amps. The power cable was plugged into an accessory power outlet in the helicopter and

10
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was connected to tile pigeon container. The second cable connected the control/display
panel and the bird container.

Each chamber in the container operated separately. Appendix B presents the circuit
for one chamber. In order to simplify the information displayed to the operator, a special
filter circuit was included in the control circuits. The filter electronically set a peck rate
criterion that the pigeons' peckirr. had to exceed before the operator displays were actuated.
Thus, random pecks by a pigeon were not displayed. The peck rate set by the filter was
called the detection criterion. The detection criterion for each chamber was adjustable.
Two switches were used: one to establish the interval (seconds) in which the pigeon was
required to complete a prescribed number of pecks, and the other for the number of pecks.
The timing intervals were 4, 5. 6 or 7 seconds; the number of pecks, 4, 6 or 8.

A table in appendix D shows the detection criteria that could be selected. After the
pigeon achieved the detection criterion, every peck activated the display. The filter circuit
included an automatic reset. Also, the operator could reset the circuit manually.

The display circuit included a 1.5-kHz alert tone which was wired to the left ear
speaker in the trainer's flight helmet. The tone alerted the trainer that one of the pigeons
had made a detection. Each peck thereafter produced the tone until the filter was reset.
The visual display was located centrally on the panel, as shown in figure 3. The display
included a light for each chamber. The lights differed in color and position. The display
surface was recessed to increase its visual discriminability and to reduce masking from
ambient light. The display included a position reference guide.

Single-pole toggle feeder switches were arranged to correspond to the visual display
layout. Status lights indicated to the trainer the position of the feeder tray and correct
feeder operation. The status lights were designed to be discriminable by color and position.
The red light indicated an extended feeder tray (exposed to the bird). The green light indi-
cated a withdrawn tray. Any feeder mechanism failure was indicated to the trainer by lack
of correspondence between the toggle position and the indicator light.

Lighted pushbutton switches controlled the power for the control/display circuit.
A separate, parallel lighted pushbutton switch controlled power for the strip-chart event
recorder.

Data collection equipment was included in the control panel. Cumulative numeric
counters for each chamber recorded responses independent of the filter. A pushbutton
reset switch was included for the counters. Each switch was designed to be discriminable
by position, size, color, elevation and shape. Each counter surface was recessed to reduce
the effects of glare from ambient light. The counters' positions corresponded to the ap-
propriate visual displays and the feeder switches.

The visual displays, the switches, and the indicator lights were labeled with white
alphanumeric labels. The background was painted flat black, as shown in figure 3.

PIGEON TRAINING

Results on the rate of training are summarized in table 2. Details for each bird are
listed in appendix E.

Data on the rate of training, as measured by the days and hours of training for the
training tasks , are also presented in table 2. The tasks were: (1) response conditioning,
(2) stimulus control, (3) basic training completed, or (4) search status. The days of train-
ing and hours of training are presented as separate measures of rate of training. The mean
and standard deviation presented were calculated from the summed total hours or days
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required to accomplish each task independent of the other tasks for the specified group of
subjects. The mean and standard deviation presented in the cumulative columns were cal-
culated from the summed total hours or days required to accomplish all tasks in basic train-
ing and for the basic and advanced training for the specified group of subjects. Response
conditioning was completed when the pigeon pecked the key consistently during a 30-
minute training session. Stimulus control training was completed when the pigeon pecked
the key when the orange target was presented and did not peck the key above criterion
level when the target was absent. Basic training was completed when the behavioral and
environmental requirements were accomplished. In advanced training, response condition-
ing was completed when the pigeon pecked the key when the training target was present.
Stimulus control was completed when the pigeon responded below a criterion rate when the
target was absent. The pigeons attained search status when their behavior met or exceeded
the search behavior requirements.

At the completion of response conditioning during basic training, the eight birds
were classified into two groups of four, based on each bird's ,ate of training. Group I con-
sisted of birds 10, 249, 250 and 251, and group 11 consisted of bird, 236. 239, 266 and 267.
Group I birds progressed faster (table 2). Birds 236 and 26- ' ri)up I11 did not complete
basic training because the training resources (equipme 't ,,ae 1. , onnel) were dedicated to
the advanced training of group I birds. The training rates presented for the basic training of
group I1 excluded 236 and 267. Bird 249 was deleted fro, advanced training because it
failed to learn to peck the key in the helicopter containe-. The other three group I birds
progressed to advanced training. Group Ii birds did not receive any advanced training.

The training of three originally-naive, untrained pigeons to function as search sensors
required a mean of 119 training sessions, or 169 training hours (table 21.

Pigeon training began in late April 1979 and by December 1979 advanced training
began with group I birds. Group I birds reached search status during April 1980. On I May
1980, the Barbers Point Coast Guard Air Station placed the system on standby duty. await-
ing a search case. From I May to 31 July 1980, the behavior of group I birds was maintained
on helicopter flights. From December 1979 through 31 July 1980 the system flew on 71
helicopter flights, 46 by the Station Operations and Maintenance Squadron of the Kaneolie
Marine Corps Air Station and 25 by the Barbers Point Coast Guard Air Station.

SYSTEMS TEST

The system was tested to determine its utility. Four measures were used to evaluate
the Sea Hunt system: search performance, reliability, serviceability, and maintainability.
Performance and reliability data were collected during search tests. Data on the service-
ability and maintainability of the system were collected during support tests.

Search Test

System performance is a function of the system's ability to support and assist in
target detection without harmfully affecting search requirements or other resources. Mea-
sures of Sea Hunt's detection ability are:

(a) the probability of detection, as defined in the National Search and Rescue
Manual (reference 26).

(b) the percent of trials with first detection for the system, and

(c) the probability of a false alarm.
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Daily trial-by-trial results for detection are listed in table 3. Detection data are
summarized by target type in table 4. Table 5 summarizes the data.

The comparison of the probability of detection (POD) for Sea Hunt and for the
human crews is the primary indicator of Sea Hunt search success. The percentages in
tables 4 and 5 were calculated from data in table 3. A detection on the first approach of
each trial was scored as a hit: it the target was not detected on the first approach it was
scored as a miss. The logic is that, on an actual search, an aircraft would make only one
pass over a particular area and the desired target would be detected or not. Thus. the POD
for each sensor is the expected probability of detecting a similar target on a search.

During the tests, the Sea Hunt system was first to detect each of the target types
(tables 4 and 5), although the human crews' detection performance improved when search-
ing for the larger, fish aggregation buoys.

The Sea Hunt system demonstrated not only a superior POD on the first approach
of each trial: it detected the target before the flight crews.

Tables 3, 4 and 5 also present data on the percent of targets which were not localized
by the flight crews and were lost during the search tests. During testing. the flight crews
were not given information on bird performance. This made it possible to compare tile
search performance of the birds against that of the flight crews. It was found that 20 per-
cent of the trials resulted in an unlocated and lost target. In training sessions between I May
1980 and 30 July 1980. during which the crews were informed of bird performance. only
3.6 percent of the 28 trials resulted in a lost target.

System reliability was calculated from the failure rate of the complete system as the
ratio of searches (test flights) completed with adequate system performance. A failure was
defined as an event that prevented searching or locating the target. The failure could be in
hardware or animal behavior. The primary hardware subsystems that could fail were: (1)
power. (2) displays. (3) cables, and (4) peck key. If the behavior of two birds failed sim-
ultaneously, the target could not be localized. Inadequate bird performance was defined as
failure to detect targets and high false alarm rates. The criteria for a behavioral failure are
presented in table 6.

During testing. the Sea Hunt system failed on 2 of 13 days (16 percent). On 18 Sep-
tember, a peck key malfunctioned and bird 250 failed. Both failures were in the forward
chambers. On 25 September. the cable connector at the control box failed because of dis-
connected wires. Although individual bird failures occurred on 69 percent of the flights. the
failures did not decrease detection and localization capabilities of the system. Failure of two
birds on the same test flight did not occur. Table 7 presents reliability data for the three birds.

Support Test

Serviceability and maintainability of the Sea Hunt system were examined. The two
equipment failures required a total of 3 hours and 20 minutes to repair. a ratio of 0. 15 hours
of repair service per flight hour during the test. Maintenance hours per flight hour are pre-
sented in table 8.

Also, the frequency of maintenance was examined. The frequency of animal be-
havior maintenance was calculated as:

yof number of days trained
frequency otraining 61

The frequency of training for each bird ( 10 250 and 251 ) was calculated and found to be
0. 13 for bird 10, 0. 11 for bird 250. and 0.16 for bird 25 1.
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PROBABILITY OF MEAN PASS MEAN PASS PERCENT
DETECTION TO DETECT TO LOCALIZE NOT LOCALIZED

TARGET SEA HUNT • CREW BY SEA HUNT BY CREW BY CREW

RFL

OFL 0.86 0.29 1.29 (s=0.76) 2.60 (s= 2.07) 29%
n=7 n=5 (2/7)

FB
LR 0.83 0.58 1.23 (s = 0.62) 1.45 (s = 0.97) 15C

n= 13 n=l (2/13)

RFL - Red Float FB - Fish Aggregation Buoy

OFL - Orange Float LR - Life Raft

Table 4. Performance by target type.

SEA HUNT SYSTEM FLIGHT CREWS

PROBABILITY
OF DETECTION 0.85 n z 20 0.50 n = 20

PERCENT TRIALS
FIRST DETECTION 70 n z 20 25 n = 20

MEAN PASSES TO 1.25 nt 20 1.88 n = 16

DETECT/LOCALIZE (s = 0 64) (s= 1.41)

FALSE ALARMS PER
SEARCH HOUR 3.90

Table 5. Summarized performance data.

CRITERION DEFINITION

I. Four false alarms within a 30-minute period.

FALSE 2. Continuous responding for 5 minutes or more after

ALARM reinforcement is given.

3. Six false alarms within a 60-minute period.

1. Failure to exceed the detection criteria after the target.

TARGET visible to the pigeon, was localized by a crew member

DETECTION 2. Two consecutive misses.

Table 6. Criteria for a behavioral failure.

17
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BIRD FAILURE RATE FAILURE TYPE

10 0.33 False alarms

250 0.25 False alarms

5 0.08 Target misses

Table 7. Anunal failure data.

MAINTENANCE FUNCTION HOURS FLIGHT HOUR

Hardware checks and cleaning 0.2

Bird behavior training 2.5
(ground-based only I

Total system 2.7

Table 8. Maintenance hours per flight hour of test.

DISCUSSION

'he development and tests of the Sea Hunt prototype system have resulted in a
system that can detect and localize a variety of targets differing in size. shape and color (red.
yellow or orange) in unknown locations to improve the overall detection capability of the
search effort. The probability of detection (PO) values reported here are comparable to
the results from tests of the first Sea H unt prototype (reference 16).

The system's reliability was acceptable. Although animal behavior failures were
recorded, the system's performance did not deteriorate due to redundancy built into the

system. It is believed that other animal training/maintenance methods would enhance the
reliability of animal behavior.

Advanced training was conducted from a helicopter flying over open waters. Un-
planned nuisance targets (i.e., boat with orange deck or a sailboat with a red sail) were en-
countered during some flights. The nuisance targets interfered with training and degraded
the quality of training. If a nuisance target was detected by Sea Hunt a false alarm was
detected also by the flight crew. Thus, the false alarm values presented are a collective func-
tion of false alarms and correct detections of riuisance targets unseen by the flight crews.

The equipment was determined to be reliable and maintainable. The two failures
were minor and quickly serviced. Transmission of vibration to the peck keys was a recur-

ring but minor problem during training and tests. Vibration did not affect the reliability or
maintainability of the system, according to the established standards.

The design of the mechanism attaching the Sea Hunt observation container to the
Coast Guard's H-52 helicopter has not been finalized. A modified search platform normally
carried aboard the H-52 during searches was used for training and testing. The observation
container was bolted to the platform. The Coast Guard determined this design was

18



unacceptable for long term use. Because the H-52 is being phased out of service. alternative

designs for attachment of tile Sea Hunt container to the H-52 were not sought. Mounting

and attaching mechanisms can be made after the H-52's replacement is purchased and de-
ployed to Coast Guard air stations.

CONCLUSIONS

I. The development effort produced and tested a prototype Sea Hunt system.

2. During search tests, the system detected and localized targets of unknown
position which varied in size. color and shape.

3. The system was found to be reliable.

4. Support tests showed that Sea Hunt is serviced and maintained easily.

5. Further improvements are possible and are addressed in the list of

recommendations.

RECOMMENDATIONS

1. Improvements in the training methods are needed to control the occurrence

of targets adequately. A training device that simulates the ocean search environment would
provide the control required. The simulator also could substitute for the helicopter-

conducted search training, and thus improve animal behavior maintenance. Simulator de-
velopment is a prerequisite to further testing or long term deployment of Sea Hunt systems

at Coast Guard air stations.

2. It is recommended that a honeycombed, fiberglass top plate be used on the
container to reduce transmitted vibration to the peck keys. as well as making the overall

system lighter in weight. Appendix B includes drawings of the recommended top plate.

3. Operational tests of the system are recommended. The scope should include

performance and support tests. The tests should be conducted with Coast Guard personnel

as the operators of the system. Technical representatives should assist with tile maintenance

of the system.

4. Final development of a helicopter attachment mechanism for the Coast Guard

should be postponed until the new helicopters are delivered.
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APPENDIX A: METHOD OF
CONTROLLING DAILY BODY WEIGHT IN THE PIGEON

An algorithm was formulated empirically that allowed the pigeon trainer to maintain
the body weight of each pigeon within ±-5 grams of the bird's desired training weight. 'Ihis
algorithm was used daily during the development of Sea Hunt. Tile format was designed to
enable people unskilled in animal behavior to use the algorithm easily. It is presented below
in sequential steps. Two animal weight measurements are used: the animal's current weight
and the animal's desired run weight. The current weight was determined by weighing the
animal on a scale or. depending on the time of day, by weighing thL animal and adding to
that weight the amount of food consumed during the training session.

DAILY PROCtEDURES

A. General: Weighing Instructions

I. Weigh each bird at 8:00 A.M., 12:00 Noon. 4:00 P.M., and immediately
before each training session. recording on the weight form:

a. Time of weighing.

1b. Weight of bird.
2. Calculate the amount the bird is over underweight.

3. Proceed to the following procedures according to tile time of feeding.

B. Eight A.M. and Noon Feeding Instructions: Follow these procedures based on
amount of over/underweight.

1. Overweight: Do not give supplemental food.

2. Underweight:

a. If less than 3 grams. do not give supplemental food.

b. If more than 3 grams but less than 10 grams: remove access to grit:
then feed the bird the number of grams underweight.

c. If more than 10 grams underweight: remove access to grit: then
add 5 grams to the amount that the bird is underweight and feed
the bird this amount.

C. Four P.M. Feeding: These procedures depend first on whether or not the bird
is trained during the day: secondly. upon the bird's current weight.

I. If bird was trained in the morning, and is:

a. Overweight more than 5 grams: do not give supplemental food.

b. Overweight, but less than 5 grams: subtract the amount overweight
from 5 grams and feed this amount.

c. Underweight (any amount): add 5 grams to the amount of grams
underweight and feed this amount to the bird.

2. If bird was trained in the afternoon: determine the amount of food eaten
during training and add this to the bird's current weight: then follow pro-
cedures outlined below, using weight calculated above.

a. Overweight more than 5 grams: do not feed.

A-I



b. Overweight less than 5 grams: subtract the amount overweight from
5 grams and feed this amount.

c. Underweight (any amount): add 5 grains to the amount of grams
underweight and feed this amount to the bird.

A-2



APPENDIX B: LEVEL If DRAWINGS

The following pages contain the Level 11 drawings ot'Sea Hunt equipment. Note that

the drawings have been reduced, therefore, the scale is incorrect.
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APPENDIX C: SCHEDULES

Predetermined schedules were used to determine the interval of time separating the
presentation of targets and the number of responses required of the pigeon in order to re-
ceive the food reinforcer on each trial. Although the very early phases of basic training used
fixed schedules, the predominant type of schedules were variable, characterized by normal
distribution of values with a mean value and unequal probabilities of occurrence. The selec-
tion of a value from the distribution was randomized. The probability of values occurring
within the schedule was manipulated selectively in order to increase the highest value in the
schedule without changing the mean of the schedule. A skewed distribution resulted, and
after the subject had been exposed to the newer, higher requirement, the distribution was
normalized with a higher mean. This technique was used particularly for increasing the
average interval of time separating the presentation of a target, without reducing the total
number of target presentations rapidly during the 2-hour training session. The mean and
standard deviation of the target interval schedules are listed in the following chart in the
sequence that they were used.

Schedule of Intervals between Target Presentations

K (mins) s (mins) n Range (mins)

5.5 3.18 10 5-10

7.6 7.9 6 5-20
11.3 12.5 5 5-30

13.0 10.8 6 1-30

16.0 13.5 5 2-35

20.0 14.6 5 2-40

23.9 20.0 14 1-60

31.2 25.4 10 2-75

The mean and standard deviation of the variable ratio reinforcement schedules are
listed below in the sequence that they were used.

C-I



Variable Ratio Reinforcement Schedules
(in number of responses)

VR Range n 3is

10 5-15 7 10.0 4.43

I5 5-25 8 15.0 7.31

20 5-35 8 20.6 11.78

25 5-45 8 24.3 13.51

30 10-50 7 30.0 13.23

40 15-65 7 40.0 18.26

50 2-75 10 50.0 25.0
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APPENDIX D: DETECTION CRITERIA

The detection criteria values that could be set by switches into the electronic circuits
are presented in tabular form below. The values within the table are response rates, in pecks-
per-second.

Detection Criteria Values

Responses Seconds Required

Required 4 5 6 7

4 1.0 0.8 0.66 0.57

6 1.5 1.2 1.0 0.85

8 2.0 1.6 1.3 1.14
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APPENDIX E: TRAINING RATES FOR INDIVIDUAL SUBJECTS

The training rates for each subject are presented in the table on the following page.
The values for days and hours trained are cumulative and are presented only to the highest
level of training achieved.

Bird 249 received 7 days (9 hours) of response conditioning in the helicopter with-
out improvement; the bird was then deleted from advanced training (bird 251 was moved
into advanced training). Birds 236 and 267 did not complete basic training because of their
slow progress and difficulties in scheduling training time after advanced training began with
group 1. Bird 236 received 53 training days and 69 training hours. Bird 267 received 74
training days and 89 training hours.
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